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[57] ABSTRACT 

A first-come first-serve arbitration protocol arbitrates 
between processing agents seeking access to a common 
bus. The system is an extension of a parallel contention 
arbiter in which each agent has an identity value made 
up of two portions, one a fixed portion and one a vari- 
able portion. The variable portion of each agent's iden- 
tity is incremented depending on how long the agent 
has been waiting for access to the bus and the variable 
portion is the most significant portion of each agent's 
identity. Thus in each arbitration in which the highest 
identity value is awarded control of the bus. the agent 
which has waited the longest will gain access to the bus 
prior to those which have not waited as long. 
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request signal to (he central arbiter, and the second wire 

nRST-COME nRST-SER V£ ARBITRATION is used to allow the centra) arbiter to send a bus granted 

PROTOCOL signal to the agent. Thus for N agents, two * N extra 

wires arc needed to arbitrate bus access. The central 

CROSS-REFERENCE TO RELATED 5 arbiter can use any of a number of schemes to arbitrate 

APPLICATIONS requests for the bus in a fast and efficient manner. How- 

This application is a continuation of U.S. Scr. No. ever, such special wiring is comparatively expensive. 

07/304J01 filed Jan. 31. 1989. now abandoned. The so-called daisy chain method is a second arbitra- 

_ _,_ ™ tion scheme. Under this protocol, all agents share a bus 

HELD OF THE INVENTION io request line and each agent has one daisy-in input line 

This invention pertains to the field of computer sys- and one daisy-out output line. The daisy-in line receives 

tem resource allocation arbitration protocols. an input signal from the previous agent, and the daisy- 

n Ai-K-r-DriT nsm tot: tKivcKiTt#^vi '^"^ *® connected to send an output signal to the next 

BACKGROUND OF THE INVENTION ^^j^^^^, ^^^^^ ^^^^^ ^^^^^ * 

As computer systems and networks become increas- *5 the bus, the signal on the daisy-in input is passed 

ingly complex and include increasing amounts of dis- through to the daisy out output. When an agent wants 

tributed or parallel processing, the method by which a control of the bus it forces a "zero" on the daisy-out 

system allocates usage of common resources can have a output and a "one'* on the shared bus request line. The 

significanl effect on the overall capability of a system. shared bus request line is a wircd-OR line that may be 
Such allocation methods and their supporting hardware 20 actuated by any agent. Any agent wishing to use the bus 

define arbitration protocols by which the system arbi- thus asserts the shared bus request line by asserting a 

trates among agents competing for the same resource. logical "one" on the line. This places a one on the daisy- 

While the prob em of arbitration may arise with respect i„pm of the highest priority agent. If the first priority 

to a vanety of system resources, such as processors. , ^oes not want to use the bus, it passes ihc one 

storage device^ or memory segments, it is best charac- 25 .^^ P 

lenzcd and understood when the resource is a commu- , daisy-chain manner until an agent sLking 

nication channel, typically a communication bus. ^«„,T«i ^^r if„, ^ i •/ «^^»viii|^ 

Computer buses are used to communicate and trans- f^" '^L.n, T "I"' 

fer data between various parts of a computer or to or '^'F^Ji^^S IZT^u '^'''''^ r n 
from peripheral devices. Buses may be confined to a 30 ^e buMhe signal ^ 

circuit board, used to communicate from one circuit ^ P*f«c!hr<5U8h to the asserting agent, and a bus grant 

board to another, or even used to allow different pro- aPP«ar on the assertmg agent s daisy-in in- 

cessing units to communicate. This invention is useful in P"'' " * preceding agent desires the bus. the preceding 

the arbitration of control of buses that accommodate a ^p"* 8^'" ^^^'^t^^' ^he bus and will continue 

priority arbiter, such as a parallel contention arbiter of 35 P'^^ing a lero on its daisy-out output, and all subsequent 

the type described in UK Patent Specification No ^8^"*^ (mcluding the asserting agent) will be inhibited 

1099575. and by Taub D. M. "Arbitration and Control ^^^^ "^'"8 '^"S, the closer an agent is to the 

Acquisition in the Propose IEEE 896 Futurebus," beginning of the daisy chain, the higher priority the 

IEEE Micro, 4:4, pp. 52-62 (1984). One particularly »Sfn» has. Also, rules are necessary to prevent a high 

relevant application for such a bus arbiter is for control 40 pnority agent from taking the bus away from a low 

of buses that are used for communicating between mul- priority agent while it is in use. This may be accom- 

tiple processors located in one or more computing ma- plished by synchronizing request assertions. The daisy 

chines. chain is economical but slow, and it requires every 

Buses are electrical conductors, usually copper wire. ^%tx\\ be in place to complete the daisy chain bus grant 

copper patterns or aluminum patterns. A bus is simply 45 ^^'^ scheme also does not have much fairness 

the parallel electrical lines used to carry a designated among the agents, since higher priority agents will be 

number of signals with a specified formal for data or able to disproponionately dominate control of the bus. 

addresses applied to the bus. A third scheme, the parallel contention arbiter as 

When an agent (a device, e.g. a processor) wishes to described in the references cited above, is based on 

communicate with another agent, the first agent sends 50 assigning each agent a unique fixed k-bit arbitration 

signals that cause the second agent to respond. These number called its "identity." The value of k is at least 

signals are collectively called the address or identity. [loS2(N + l)]. where N is the maximum number of 

The device that begins the communication is called the agents that can be attached to the bus. An agent that 

master, and the device that responds is called the slave. wants control of the bus forces a wired-OR shared bus 

Some agents can act only as masters, some only as 55 request line, and waits for a signal to start arbitration, 

slaves, and other as either masters or slaves. The signal to start arbitration may be generated by the 

It is inherent in a bus that only one agent at a time current bus master, a central timing controller, or any 

may use the bus, otherwise indefinite conditions would agent on the bus. At the start of an arbitration, the agent 

exist. When two agents attempt to use the bus at the applies its arbitration number to a separate parallel set of 

same time, a mechanism or protocol must decide which 60 arbitration control lines provided on the bus for this 

agent shall be able to use the bus. This mechanism is purpose. The agent then monitors each of the arbitra- 

called arbitration. Details of buses and arbitration tion lines, in parallel. If the value carried by line i is "1," 

schemes may be found in Computer BusesU A Tutorial but the agent is applying a 't)" to it. then the agent 

by David B. Gustavson, Aug. 1984, IEEE Micro, p. 7. removes the lower-order (i- 1 lo 0) bits of its identity, 

herein incorporated by reference. 65 If line i drops back to "0," the agent reapplies the lowcr- 

The "star" arbitration scheme uses a central arbiter order bits it removed before. For example, consider the 

which is connected to each agent by two dedicated case where two agents with identities 1010101 and 

wires. One wire is used to allow the agent to send a 0011100, respectively, are requesting the bus. The first 
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agcni will remove its three lowest order bits, leaving put between the most favorably treated agent (i.e. the 
10I0000» and the second agent will remove all of its bits. agent with the highest assigned identity) and the least 
Ncxt» the first agent will reapply its three lowest order favorably treated agent may be 10%, and can be as high 
bits, and the second agent will do nothing, since the as 100% for each of the protocols described above, 
most significant bit still remains. It is easy to see that 3 Tightly coupled parallel algorithms are often sensitive 
after some period of time the system reaches steady to the speed of the slowest processor. In this case, the 
stale, m which the lines carry the largest identity of all unfairness can affect total system performance, 
competmg agents. The agent whose arbitration number Priority scheduling of urgent requests may be inte- 
matches the winning number becomes the next bus grated with the assured access protocols in the parallel 
master Note that al the end of the arbitration, each 10 contention arbiter. In this case, agents follow the as- 
agent knows the identity of the wmncr as well as s^^ed access protocol for non-priority requests, but 
"^w^V h'' "^w""' ^"^^ • contention ignore the protocol and compete in every aiStration for 

arbiter thus described is a pnonty arbiter that is very p^ority requests. FurthermVre. an exTra line can be 
fast but IS also inheremly unfair, smce an agent with a provided oiJ the bus. to be treated as the most significant 
higher Identity will always wm an arbitration agamst an 15 ^j, the agent^s identity. Agents with priority^equests 
agent with a lower identity, and thus higher pnonty o-e*rt .tu:***-.. iCHu«i> 

alents will disproportionately control the bus. ^ ^^rtn^^M^^^f ^^JT""' !^'"^uT*n """"'P"" 

The parallel comention arbiter, due to its low cost r^Xn '^^^^ T ^"""'^ 

and high speed, has been adopted in several multipro- Tn^ 

cessor system bus designs. To overcome the unfairness 20 , J" L^Hv „f V ' ^"''^ """^ ^ u 
inherent in the basic priority selection mechanism, as- ^^''^'T ^'J'"' arb.tratjon 

sured access protocols have been designed to provide a "^^'^^ "^'^ ^ " 1"°^ ^ expensive. The 

set of agents (i.e. the processors) with equal access to ^^"^^ protocols for the parallel contention 

the bus. These protocols are based on batching requests. relatively inexpensive, but are unfair. The 

such that all requests in a batch are served before any 25 P'^"^"' invention successfully implements a fair arbitra- 
new requests can be made. In particular, requests in the protocol for pnonty arbiters. When used in a paral- 

batch from agents with low assigned identities will lei contention arbiter, fairness can be inexpensively 
receive service before new requests can be made by acnieved. 

agents with high assigned identities. SUMMARY OF THE INVENTION 

In one proiocoU all requests that arrive to an idle bus 30 ^ 
assert the bus request line and form a batch. An agent in present invention is a first-come first-serve multi- 

the batch competes during each arbitration until it has processor bus arbitration protocol. The protocol is an 
been granted ownership ofthe bus. An agent that gener- improvement or extension to the parallel contention 
ates a new request while a batch is in progress must wait arbiter in which each agent is assigned a unique static k 
for the batch to end before asserting the request line and 35 identity or address. In addition to this static identity 
competing for access. The end of the batch is generally portion, each agent is assigned a dynamic portion of its 
signalled by a logical "0" on the request line, since each binary identity with the dynamic portion having greater 
agent in the batch releases the request line at the start of significance than the static portion. The arbitration 
its bus tenure. All requests that are waiting at the end of protocol requires stations to determine in the maximum 
a batch assert the shared request line and form a new 40 identity from a plurality of identities contending for the 
batch. Agents in a batch receive service in order of their each identity having dynamic and static portions, 

assigned identities, according to the parallel contention ^i^^ *^e maximum identity gaining control of the bus. 
arbitration. The dynamic portions ofthe identities are incremented 

In a second assured access protocol, an agent with a on a predetermined global event so that the identity of 
request asserts the request line and competes in succcs- 45 'he station gets larger as it waits for access to the bus. 
sive arbitrations until acquiring the bus. At the comple* There are two methods for implementing the dy- 
tion of its bus tenure, the agent marks itself as "inhib- namic portion of each agent*s identity. Each station 
iied," and won't assert the request line or compete for carries a counter which stores its dynamic portion of its 
bus ownership until a fairness release operation takes identity and the counter is set to zero whenever the 
place. The fairness release operation is a cycle in which 50 agent initially requests control of the bus. The number 
no agents assert the request line. In other words, either the counter is incremented while an agent is waiting 
there are no outstanding requests* or all agents with lo gain control of the bus. The first method of imple- 
outstanding requests are inhibited. menting the protocol is to increment the counter each 

The second protocol implements a batching algo- time the agent loses in an arbitration. The second 
rithm similar to the first protocol. A batch starts and 55 method for implementing the protocol requires an add i- 
ends with a fairness release cycle. No ageni is bus mas- tional line on the bus known as the increment line which 
ter more than once in a batch, but an agent with a re- an agent asserts for a short period of time when it wants 
quest that is generated during a batch is allowed to join to implement a request for the bus. All agents which arc 
the batch if the agent has not previously received ser- waiting for access to the bus increment their counters 
vice in the batch. 60 each time the increment line is asserted. 

There is a source of unfairness even in the above The first-come first-serve protocol described herein is 
assured access protocols. In every batch, an ageni re- simple and efficient to implement and can be implc- 
ceives service after all agents in the batch (hat have mented so as to be neariy perfectly fair. Thus the over- 
higher identities have received service. For example, in head in determining any arbitrations is not significant 
multiprocessor systems in which the processors do not 65 while the implementation the system can add signifi- 
continue executing while waiting for a memory request cantly to the overall throughput of the multiprocessor 
10 be satisfied, this means that the lower-identity proces- system by spreading the load more fairly among the 
sors execute at a slower rate. The difference in through- processors participating in parallel processing. 
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]t is an object of the present invention to provide a is used as the most significant bit of the full identity, the 

multiple processor bus arbitration protocol that can maximum fmding algorithm implemented by the arbi- 

achieve great fairness while still being implemented tration means 30 as would normally be used in a parallel 

efTiciently and economically. contention bus can be used to select the agem with the 

h is another object of the present invention to pro- 5 highest counter. Thus this algorithm gives priority to 
vide an improved fairness bus arbitration protocol thai the agents which have waited the longesi and thus re- 
minimizes the additional processing overhead that must suits in a firsl-come first -serve protocol which is the 
be associated with each bus arbitration. goal of the algorithm. 

Other objects, advanuges. and features of the present The implemenUlion of the first-come first-serve pro- 
invention will become apparent from the following 10 tocol requires that the counters on all the agents waiting 
specification when taken in conjunction with the ac- for the bus be incremented by a common designated 
companying drawings. global event. The particular global event that is chosen 

BRIEF DESCRIPTION OF THE DRAWING depends on the characteristics of the system and the 

wi^Ei-i w number of additional hnes available. Two alternative 

FIG. 1 shows a portion of a bus having a plurality of 15 embodiments for implementing the counters using dif- 

agenls on which the method of the present invention fmnx global events will be discussed below. However, 

may be implemented. no matter which event is used to increment the waiting 

FIG. 2 shows a portion of an agent in the system of ^^^^ counter, there will always be some chance that two 

FIG. 1. agents will implement the global event at different in- 

FIG. 3 is a fiow chart diagram of the arbitration 20 stani. but within the interval of the event that causes the 

process described below. counters to be incremented, and thus would arrive at 

DESCRIPTION OF THE PREFERRED the same waiting time period in their counters. Thus 

EMBODIMENTS whatever strategy is utilized for incrementing the 

, ^ , counters must have a provision for the possibility that 

The arbitration protocol of the present invention can 25 ^.^^ ^^^^^^^ ^^^j^ ^^^^ , ,^ 

be charactenzcd as an improved first-come first-serve ^^^j^^ ^^^^ circumstance that the agents have a 

arbitration protoco but as an extension and improve- ^^^^^.^ .^^ ^^^.^ ^ ^^^^ ^.^^^ 

ment of the parallel contention arbiters described 5^3,4^ identity agent wins in this case. The selection of a 

above. As m a P?^^"^' f^^^^^^^ ^ global event chosen to increment the counters on the 

there IS a senes of compe ng for c^^^^^ 30 « ^.^^^.^^ ^^^^ ^^.^ 

bus 14. A shared wired-OR bus requests line 16 as con- ' ... . , , . .1. . r 
nected to each agent 12 as well as control lines 18 for f ° '^P^^^ ^^e nature of 
starting arbitration. A parallel arbitration bus 20 has a ^^e hardware needed to implement the counting mecha- 
numberofIineskequaito2x[log2CN+l)],ortwicethe "^*fl* . , . , . • . r • 1 
number of lines nonnally alst^iated with a parallel 35 , The simpler but less accurate strategy for implement - 
contention arbiter if there are to be N agents. The the waiting time counters m the system ,s to mere- 
agents 12 are also connected in a wired-OR logic to the «hc waiting time counter for c^ch agent each time 
arbitration bus 20. For one variation of the present ^^e agent loses in an arbitration. Under this embodi- 
invention, there is an additional wired-OR line dcsig- ment, any two agents that generate requests dunng the 
nated increment line 22. which will be discussed below. 40 same interval between two succKSive arbitrations will. 

This first^ome first-serve arbitration protocol makes (he ne^t arbilration^^have the same value in their 
use of identity values indicated by the reference nu- matting time counters Thus, in this embodiment, the 
meral 24 in FIG. 2. for each of the agents which is S'obal event is an arbitration m which all mterestcd 
composed of two parts. The lower-most k bits of each agents may participate. If there is a significant time 
agent^s identity value 26 is a fixed pre-assigned identity 45 P^^od between arbitrations, there may m fact be groups 
value similar to the numbers which would be used in a of agents that all have the same values in their waiting 
standard parallel contention arbiter. In addition to its time counters. In this instance, arbitrations between 
fixed portion, the identity of each agent includes a sec- agents havmg the same values m their waiting time 
ond and more significant part 2S which is a value de- counters will be served in order of the statically as- 
fined by a counter which indicates how long a request 50 «gned portions of their total identity value. Otherwise, 
has been waiting for access to the bus relative to other agents wUI be served m first^ome first-serve order. If 
requests also waiting for access. This counter is set to each agent may have a maximum of one outstanding 
2ero whenever the agent initially requests access to the request for the bus. then N is the maximum number of 
bus, or whenever the agent has a new request original- requests that can receive service while the agent waits 
ing for access to the bus, and then is incremented up- 35 for control of ihe bus. Thus the hardware logic needed 
wardly upon a pre-defined global event that occurs lo implement this embodiment is a simple modulo-N 
while the agent is waiting for ownership of the bus to be waiting time counter that is incremented once when the 
assigned to it. agent participates in an arbitration and loses and which 

In concept! the most significant portion of the iden- is reset to zero when the agent participates in an arbitra- 

tity value for each agent goes larger the longer the 60 lion and wins. While this embodiment for implementing 

agent has waited for access to the bus. Any agent want- firsi-come first-serve is simple and requires minimum 

inc control of the bus asserts the shared bus request line hardware, it might allow, over time, the agents with 

16^as it would in a normal parallel contention arbiter. In higher statically assigned identity values to gain access 

any given arbitration, all of the agents waiting for ac- to the bus at a more often, or with a preferred fre- 

ccss to the bus compete in the arbitration using their 65 quency, compared to agents having a lower statically 

total composite identity consisting of both their fixed assigned identity vale. This arises since there may be 

and variable portions of their identity. Because the out- some likelihood that several agents at any given time 

put of the variable portion, or the output of the counter, will have identical values in their waiting time counters. 
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A second embodiment for defining the global event incrementing the waiting time counters in each agents 
which increments the waiting time counters requires for non-priority requests. This complexity arises bc- 
the extra increment line 22 on the bus. This is another cause any number of priority requests can increment the 
wired-OR line connected to all of the agents and which waiting time counters for the various agents before any 
the agents sense when it is asserted. Any agent that 5 given non-priority request. Thus, in principal* the wail- 
wishes access to the bus asserts the increment line for a ing-time counters can overflow due to numerous prior- 
very short period of time, and may do so only when it ity requests before ever gaining access to the bus. One 
senses that the hne is not presently being asserted by solution to this problem would be to simply ignore it 
another agent. The time for asserting this line should be and increment the counters as specified in the two em- 
very short, something on the order of two or four bus 10 bodiments above under the assumption that the likeli- 
prorogation delays, to minimize as much as possible the hood of overflow is small, if the number of priority 
likelihood of multiple agents asserting the line during requests is small relative to the number of non-priority 
this time period. Under this scenario, the assertion of the requests. Another strategy is to update the waiting time 
increment line by an agent is the global event which counter of an agent only if the priority bit of the identity 
would thereby increment all of the counters in the 15 value of the agent which won the protocol is the same 
agents waiting for access to the bus. While the shortness as the value of the priority bit for the agent which is 
of the time that the agent asserts the increment line waiting for access to the bus. In this case the value of 
minimizes the probability of two agents asserting the the waiting time counter for a non-priority request cor- 
line at the same time, it is nevertheless possible still to rectly specifies the number of intervals that the various 
have two agents asserting the increment at the same 20 agents have been waiting relative to each other, al- 
time. Again, in this eventuality the two agents will have though the intervals may be larger since it is measured 
the same values in their waiting time counters, and will by the time between two successive arbitrations in 
be served in order of their statically assigned portions of which no priority requests compete as opposed to the 
their identity values. However the length of the interval number of successive arbitrations overall. The relative 
in which this can occur is defined by the time it takes for 25 merits of these approaches compared with allowing the 
each agents to sense the increment line, generate an counter to overflow is highly dependent on the work- 
asserting signal for the increment line, and propogate load of the bus. A last strategy for implementing a prior- 
the signal along the bus. This interval is by definition ity request would be to in addition to the increment line 
much smaller than the lime between successive arbitra- have an increment priority line and to increment wait- 
tions. Thus the second embodiment implements the 30 ing time counters either for priority or for non-priority 
firsl-come first-serve goal of this protocol more closely events depending on whether the agent is asserting a 
than does the first embodiment, without requiring the priority or non-priority requests for bus access, 
counters to have any more bits than the first embodi- The main additional complexity introduced to a par- 
ment. However the logic necessary to implement the allcl contention arbiter by a first-come first-serve proto- 
second embodiment does raise one more slight compli- 35 col discussed here arises from the need to accommodate 
cation due to the need to generate the increment line the dynamic portion of the identity values of the agents, 
signal when a new request arrives, the ability to sense which implies an additional log^N bits for the arbitra- 
that signal, and, of course, the extra line on the bus. tion bus. The doubling of the size of this bus also implies 
One attrative optional feature of the first-come first- a larger overhead for the maximum finding algorithm 
serve protocol is that it can easily be modified or ex- 40 necessary during the arbitration to determine which of 
tended to allow each agent to have more than one ac- the agents has the largest identity value. It is possible 
tive request waiting for access to the bus, while still that binary patterned arbitration lines can be used for 
serving all requests in a first-come first-serve order. If a the lines that carry the static portion of the agents iden- 
multiplc number of outstanding requests is allowed for tities to compensate for the higher overhead. Another 
each agent then, however, the number of bits on the 45 alternative is to use fewer bits in the dynamic portion of 
arbitration bus 20 would have to be expanded. If the the arbitration bus, on the theory that this would imple- 
maximum number of outstanding request for each agent mem the protocol in most instances failing only when 
is r, then one would need iog>r more bits to accomplish the bus is close to saturation. 

this modification. For example, allowing each agent to Computer simulations of the effect of the first-come 
have up to eight requests outstanding can be imple- 50 first -serve arbitration protocol have been performed to 
mented with only three additional lines and a small investigate the practical potential for unfairness in the 
increase in arbitration delay. system. This protocol, in contrast to another type of 
Another extension which can be added to the first- protocol referred to round -robin, has some potential for 
come first -serve arbitration protocol described here is unfairness. The second embodiment of the first-come 
the accommodation of priority requests. This feature 55 first -serve protocol described above was also tested on 
can be implemented by adding yet another ponion 32 to the theory that it would achieve nearly perfect fairness 
the composite identity value for each agent with this although would add some to the overhead of the sys- 
third portion of the identity being the most significant in lem. The results of the simulations were to indicate that 
value and represented by a single bit. Then any agent the simple first embodiment of the first-come first-serve 
needing a priority access to the bus could utilize the 60 arbitration protocol is generally quite good in terms of 
priority portion of a composite identity by implement- fairness. The maximum difference in throughput of the 
ing a one as its most significant bit in its identity value parallel processors was determined to be approximately 
when it seeks a priority access to the bus. The second. six to eight percent, which difference occurred near the 
and next most significant portion of the agents compos* point at which the bus becomes totally saturated. This 
ite identity value remains the waiting time counter that 65 result is quite favorable when compared with assured 
implements the first-come first-serve underiinc proto- access protocols at high load. If more perfect fairness is 
col. However, the implementation of priority requests necessary in a first -come first-serve protocol, the sec- 
may introduce some complexity into the mechanism for ond embodiment which would lessen any potential 
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unfairness could be used. It also was found that a pctcn- 
cial advantage of the first-come first-serve arbitration 
protocol is that it has a lower variance in bus waiting 
times a factor, which could be significant in systems 
where bus requests can be made in advance of the time 
when the access to the bus is actually needed. 

Thus it is described above a protocol for implement- 
ing a firsl-come first-serve bus arbitration protocol 
which is efficient and simple and yet which has an in- 
herently high degree of fairness while adding minimally 
to any necessary hardware overhead to the multiple 
processor computing system. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof illustrated here, it will be understood by those 
skilled in the art that various changes in form and details 
may be made from the embodiments described herein 
within the spirit and scope of the invention as described 
m the following claims. 

What is claimed is: 

1. A method of arbitrating control of a shared bus 
among a plurality of agents connected to the bus, each 
agent provided with a total identity value including a 
less significant static portion and a more significant 
dynamic portion, an increment line and a request line 
being wired to all the agents, comprising the steps of 

(a) any agent desiring control of the bus imposing a 
signal on the increment line for a time period much 
smaller than the time between possible arbitrations, 
the dynamic portion of the agent's total identity 
value being zero at the time of the assertion; 

(b) for each agent which as asserted the increment 
line and has not yet gained control of the bus» each 
such agent incrementing the value in the dynamic 
portion of its total identity value once each time 
when it senses a signal on the increment line by any 
other agent; and 

(c) each time the bus becomes available, conducting 
an arbitration for control of the bus in a single step 
arbitration based on the total identity values of the 
agents seeking control of the bus and awarding 
control to the agent with the largest total identity 
value, so that the agent awarded control of the bus 
will have the highest dynamic portion of its total 
identity value and thus will have waited the longest 
for control of the bus. 

2. A method as claimed in claim 1 wherein the total 
identity value for each agent further comprises a prior- 
ity value of a higher significance than the dynamic 
portion of each identity value, each agent incrementing 
its priority value so that it is greater than zero only 
when it has a priority request for control of the bus, the 
priority value being included in the total identity value 
included in each arbitration. 

3. A computing system comprising 
a bus; 

a plurality N of agents sharing the bus, each agent 
including means for storing a total identity value 
including two parts, a least significant part consist- 
ing of a fixed assigned unique identity value and a 
most significant part being a dynamic portion 
which is set to zero initially; 

a shared bus request line connected to each agent so 
that each agent may request access to the bus; 

control lines connected to each agent to initiate an 
arbitration for control of the bus among the agents; 

an increment line connected to each agent, each agent 
connected so as to be able to briefly impose a signal 



on the increment line once when the agent seeks to 
participate in an arbitration of the bus; 
a wired-OR parallel arbitration bus connected to each 
agent and having 2 limes log2(N+l) lines and 

5 connected to the agents so as to carry thereon the 
total identity values of the agents; and 
each of the agents having means for imposing its total 
identity value on the parallel arbitration bus and for 
comparing the value each such agent is imposing 

10 on the parallel arbitration bus with the value on the 
parallel arbitration bus, so that among all the agents 
the agent with the largest total identity value will 
gain control of the bus. and each of such agents 
having means to increment the value of the dy- 

15 namic portion of its identity value when a signal is 
imposed on the increment line by any other agent 
during a time when each such agent is seeking to 
gain control of the bus, so that the winner in a 
single stage arbitration will be the one agent among 

20 all the agents that has counted the largest number 
of signals on the increment line, with ties being 
decided by the fixed portion of the identity value. 

4. A method of arbitrating control of a shared bus 
among a plurality of agents connected to the bus, each 

25 agent provided with a total identity value including a 
less significant static portion and a more significant 
dynamic portion, the agents connected by a parallel 
arbitration bus, and a request line being wired to all the 
agents, the method comprising the steps of 
30 (a) any agent desiring control of the bus participating 
in each arbitration by presenting its total identity 
value on the arbitration bus, the one agent among 
alt the agents presenting the highest total identity 
value on the arbitration bus being awarded control 
35 of the bus in a single step arbitration; 

(b) for each agent which participates in the arbitra- 
tion and which does not gain control of the bus. 
each such agent incrementing the value in the dy- 
namic portion of its total identity value once for 

40 each arbitration in which each such agent partici- 
pates and does not gain control of the bus; and 

(c) for the one agent gaining control of the bus as the 
result of an arbitration, resetting the dynamic por- 
tion of the total identity value for that one agent to 

45 zero, so that each arbitration is conducted in a 
single step and so that the one agent awarded con- 
trol of the bus will have the highest dynamic por- 
tion of its total identity value, and thus will have 
waited through at least as many arbitrations for 

50 control of the bus as any other agent. 

5. A method of utilizing distributed processing to 
arbitrate control of a shared bus among a plurality of N 
agents connected to the bus, each agent provided with 
a total identity value including a less significant static 

55 portion and a more significant dynamic portion, and the 
agents connected by a wired-OR parallel arbitration bus 
having two times the log to the base two of N -t- 1 lines, 
the method comprising the steps of 

(a) any agent desiring control of the bus participating 
60 in each arbitration by presenting its total identity 

value on the arbitration bus, each of the agents 
comparing the value on the bus with its own total 
identity value to determine if it has gained control 
of the bus, the one agent among all the agents 
65 which has the highest total identity value being 
awarded control of the bus; 

(b) for each agent which participates in the arbitra- 
tion and which does not gain control of the bus. 
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each such agent incrementing the value in the dy- 
namic portion of its total identify value once for 
each arbitration in which each such agent panici- 
pates and does not gain control of the bus; and 
(c) for the one agent gaining control of the bus as the 
result of an arbitration, that one agent resetting the 
dynamic portion of its tota] identity value set to 
zero* so that each arbitration is conducted in a 



12 

single step, in parallel, by each of the agents so that 
the one agent awarded control of the bus will have 
the highest dynamic portion of its total identity 
value, and thus will have waited through at least as 
many arbitrations for control of the bus as any 
other agent. 

• • « • * 
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